A b s t r a c t. The aim of the study was to define the influence of cultivation methods involving the application of growth biostimulators and herbicide on the total yield of edible potato. The field research was conducted in 2015-2017 in the area of eastern Poland, in Lublin Voivodeship. The experiments were performed in three replicates using the randomised split-block method. The examined factors included: factor I -three early cultivars of edible potato (Owacja, Bellarosa, Vineta), factor II -cultivation methods involving the application of growth biostimulators and herbicide: GreenOK-Universal Pro and Asahi SL as well as their combination with the Avatar 293 ZC herbicide. The highest total yield of tubers was obtained from treatment 4, where prior to sprouting mechanical tillage was used, and after the final shaping of ridges and just before sprouting the Avatar 293 ZC herbicide was applied at a dose of 1.5 dm 3 ha -1 , and then after sprouting the GreenOK Universal-PRO was applied three times at doses: 0.10 dm 3 ha -1 -full moon-end of seeding + 0.15 dm 3 ha -1 -covering inter-rows + 0.15 dm 3 ha -1 -formation of flower buds (an average of 41.8 t ha -1 ), and from treatment 5, in which mechanical tillage was used prior to seeding, and after the ultimate formation of furrows before seeding of potato plants, Avatar herbicide 293 was applied in a dose of 1.5 dm 3 ha -1 (total yield amounted to, on average, 40.6 t ha -1
INTRODUCTION
One of the most important quality characteristics, from the perspective of the market and processing of potato tubers, is the amount and quality of the total yield and its structure (the size of tubers). With regard to the increasing quality requirements, technology of potato cultivation requires extensive knowledge and diligence (Đalovic et al. 2008 (Đalovic et al. , Sawicka 2009 .
It should also be emphasised that the achievement of high quality of yields with pro-health values and protection of natural environment and human health are the main objectives which are set by food producers. Therefore, in the 21 st century, farming limitation of the use of mineral fertilisers and chemical agents for plant protection, such as herbicides, insecticides and fungicides, is strived for and more and more often preparations of natural origin are used (Filipczak et al. 2016) . In numerous countries, the tendency to restore biological diversity in agrocenosis is observed (Japan, Western Europe, Brazil, and USA). Also in Poland, biostimulators, which are preparations friendly for the environment and consumer health, are becoming increasingly popular, due to the fact that they contain biologically active natural compounds. Such preparations include, inter alia, growth regulators, plant growth and nutrition stimulators, plant resistance stimulators and soil improvers (Zydlik and Zydlik 2013 , Kołodziejczyk 2014 , Filipczak et al. 2016 , Pszczółkowski and Sawicka 2018 . They may be applied in conventional, integrated and ecological agriculture (Pieńkowska 2017) .
In agricultural plant production, the term "biostimulator" is used with regard to preparations which exert a positive impact on the growth of cultivated plants, but are not considered as fertilisers. It should be noted that currently in Poland there is no legally applicable definition of biostimulators. However, according to the definition proposed in the report for the European Commission, plant biostimulator constitutes material which contains substance/s or microorganisms and is destined for use on a plant, seeds or root area in order to stimulate natural processes increasing the effectiveness of nutrients use, tolerance for abiotic stress and/or the quality of yield, the action of which is not dependent on the contents of nutrients (Taron et al. 2014 , Matyjaszczyk 2015 .
Scientific elaborations indicate that the use of biostimulators has a positive influence on the growth and general condition of plants and on the size and quality of collected yields. In Poland, the positive influence of biostimulators on plant growth and development was documented by numerous authors (Żurawicz et al. 2004 , Marjańska-Cichoń and Sapieha-Waszkiewicz 2010 , Zarzecka and Gugała 2012 , Gugała et al. 2018 . However, the mechanism of action of these preparations has not been fully discovered yet.
Growing demand for preparations of biological origin and the need of natural environment protection make searching for new, safe remedies and knowledge about their influence on cultivated plant yields become a necessity (Panasiewicz et al. 2007) .
So far, the few available empirical results of research on the influence of biostimulators on total yield and yield structure of edible potato encourage conducting further research. Therefore, the aim of the experiment was to define the influence of cultivation methods with the use of growth biostimulators and herbicide on the total yield and large tubers yield of three cultivars of edible potato.
MATERIALS AND METHODS

Experiment and plant material
The field experiment was conducted in the years 2015-2017 in the region of eastern Poland, in the Biała Podlaska Commune (52°02′N; 23°07′E) in the Lublin Voivodeship, on acidic light soil. The experiment was carried out with the use of randomised split-block method in the split-plot system. The influence of two factors was tested: Factor I -three early edible potato cultivars: Bellarosa, Owacja, Vineta, and Factor II -cultivation methods involving the application of growth biostimulators and herbicide:
1. Standard treatment -mechanical tillage (without biostimulators and herbicide (phase BBCH 00-05).
The characteristics of the potato varieties and preparations used in the experiment are presented in Table 1 and Table 2 . , as well as mineral fertilisation with phosphorus 44.0 kg P ha -1 (triple superphosphate 46%) and potassium 124.5 kg K ha -1 (potassium salt 60%), and in spring -nitrogen fertilisation (ammonium nitrate 34%) at a dose of 100 kg N per 1 ha. Potato tubers were planted in the second decade of April (in 2015 and 2016) and in the third decade of April (in 2017). Protection treatments against diseases and pests were used in accordance with the plant protection recommendations. Harvest was performed in the phase of full technological maturity of tubers. Sample tubers from 10 potato plants (excluding edge plants) were taken randomly from every treatment of the experiment during harvest. In those samples, yield structure was defined by extracting fractions according to transverse diameter: up to 35, 36-50, 51-60 and above 60 mm (Regulation 2003) . The total potato yield was calculated on the basis of the tubers' mass collected from the surface of each minor plot, adding the mass of previously collected samples, and in the yield of large tubers, fractions of 51-60 mm and over 60 mm diameter were taken into account.
Statistical analysis
The obtained results of research regarding total yields of tubers were analysed statistically by means of the analysis of variance. Significance of variability sources was tested with the Fischler-Snedecor F test, and the assessment of significance of variance at the significance level p = 0.05 between the compared averages using Tukey's range test (Trętowski and Wójcik 1988) .
Weather conditions
Meteorological conditions in potato growing season are presented in Table 3 . The data come from the Meteorological Station of the Research Centre for Cultivar Testing (COBORU) in Słupia Wielka and they were compiled for the Cultivar Assessment Experimental Station in Cicibór Duży, situated near Biała Podlaska. Meteorological conditions were diverse during the study period (Tab. 3). The highest precipitation sum was recorded in the growing season of 2017-425 mm, in which the average air temperature was 15.4°C; it was the coldest year in comparison with the other years covered by the research. In addition, April was a cold month -average air temperature amounted to 7.7°C, and July brought a wave of frost with snow and sleet. The lowest precipitation sum -288 mm -was recorded in 2015 with an average air temperature of 15.7°C. In that season, a precipitation shortage occurred from June to August (i.e. during flowering, tuber formation and yield accumulation), while August was extremely dry with precipitation sum of 7 mm and high atmospheric air temperatures. The growing season of 2016 was characterised by precipitation sum at the level of 361 mm and air temperature amounting to 16.1°C, higher by 1.2°C than the average air temperature from the multi-year period ; it was a favourable season for plant growth and yield accumulation. Whilst, in the months of July and August the average ambient air temperatures were similar to the temperatures of the multiannual period. It was a favourable season for the potato crop.
RESULTS AND DISCUSSION
As a result of the research carried out it was proved that both the cultivation methods applied, potato cultivars cultivated in the experiment, as well as meteorological conditions in the particular research years had a significant impact on the size of the total yield of potato tubers (Tab. 4). The cultivation methods applied in the experiment with the use of growth biostimulators and herbicide caused a significant increase in the yield of potato tubers (object 2.-5.) in comparison to the application of mechanical tillage alone (treatment 1) (Tab.4). The highest total yield of tubers was obtained from treatment 4, (where mechanical tillage was applied prior to sprouting, followed by the application of Avatar 293 ZC herbicide at a dose of 1.5 dm 3 ha -1
, and GreenOK Universal-PRO bioactivator at a dose of 0.10 dm 3 ha -1 + 0.15 dm 3 ha -1 + 0.15 dm 3 ha -1 three times after sprouting) (total yield amounted to, on average, 41.8 t ha ) and from treatment 5. where mechanical tillage was applied, followed by Avatar 293 ZC herbicide at a dose of 1.5 dm 3 ha -1 (total yield amounted to, on average, 40.6 t ha -1 ). These results are consistent with the research of Gugała et al. (2017) who obtained the highest total rise in yield of potato tubers applying the Sencor 70 WG herbicide just before sprouting and then the Asahi SL biostimulator twice. A beneficial effect of the application of biostimulators on yielding of cultivated plants was also recorded by Matysiak et al. (2011) , Kalinowski and Wadas (2017) . Mikos-Bielak and Czeczko (2002) , assessing the effective application of Atonik biostimulator in the cultivation of medium late potato Ania, demonstrated that single application of 0.1% solution of this preparation on leaves before flowering increased the total yield by around 14%. Trawczyński (2014) , after the application of amino acid biostimulator Tecamin, obtained an increase in yield by an average of 13.8%, while Frackowiak-Pawlak (2011) proved a 30% increase in the yield of edible potato tubers after the use of UGmax.
Miklos-Bielak (2005) found, in her study, that from the practical point of view, in potato production the most important may be those growth regulators that, among other things, increase the yield of potato and the number of tubers with specified calibration. According to the author, increasing yield of potato tubers can be obtained through an increase in the number of stems, for example, by accelerating the germination and sprouting, increase of the assimilation surface of the entire plant, stimulating the development of the stolon and accelerating the binding of tubers.
On the other hand, Maciejewski et al. (2007) , based on a two-year study conducted in two locations differing in terms of habitats, found that the biostimulators Asahi SL and Atomik SL applied in the experiment did not have any major impact on the yield of potato, its structure and quality characteristics. Also Condor et al. (2006) expressed a sceptical view on the application of biostimulators in agricultural crops, stressing the need for further scientific research on the use of such preparations.
As a result of this study, it was found that the size of the total yield of tubers is significantly impacted also by the varieties of potato (Table 4) . From amongst the cultivated varieties, Owacja had the highest yields (an average of 41.4 t ha ). The results of our research find support in the reports of Urbanowicz (2010), Zarzecka et al. (2013) , Pszczółkowski and Sawicka (2018) , Gugała et al. (2018) , who showed that tuber yield was dependent on the genetic characteristics of the cultivated varieties of potato. According to Rymuza et al. (2017) genotypes which yield high and stable in various soil-climate conditions will be sought in the farming practice.
The conducted research showed that the total yield of potato tubers in fact depended on the course of the weather conditions in the years of the study (Table 3 and 4). In the study, the growing season of 2016 proved to be the most beneficial for the potato crop (the average total yield was 42.8 t ha -1 ); in that season the weather conditions were the most favourable for the growth and development of potato plants in comparison to the remaining years of research. By contrast, the smallest total tuber yield was obtained in the year 2015 (average of 34.2 t ha -1 ), in which during flowering, tuber formation and accumulation of yields there was a shortage of precipitation (June-August).
According to Skowera et al. (2016) , Kundzewicz and Matczak (2010) , adverse weather conditions, which can be considered as dry and moist, contribute to a substantial reduction of the yields. However, the cultivation of potato varieties tolerant to periodic shortages of rainfall can partially compensate the losses of yield caused by this phenomenon (Puła and Skowera 2004) .
By analysing the weight percentage share of large tubers yield in fractions of 51-60 and above 60 mm in the total yield of potato tubers, it was found that this share was larger in all the treatments of the experiment after the application of growth biostimulants and herbicides in comparison to the control treatment (Table 5 and 6). The largest percentage of large tubers (in fractions of 51-60 and > 60 mm) in total yield was found in treatment 4. and it amounted to, on average: for fractions of 51-60 -42.77% and for factions > 60 mm -38.77% (Table 5 and 6). These results are consistent with the research of Trawczyński (2014) who, after the application of foliar biostimulator fertilisers, obtained a greater share of the commercial yield in the total yield by 3.9% compared with the treatment without foliar feeding. Matysiak and Adamczewski (2010) proved that feeding with foliar biostimulators increases the share of large tubers (with diameter of more than 60 mm) in the yield by up to 45% in comparison to the control treatment. Kowalska (2016) , after the application of biostimulator preparations, observed an increase of potato yield and the share of commercial tubers in the yield. In the course of our studies, the structure of yield was modified by the genetic characteristics of varieties. The largest share of large tubers (in the fractions > 60 mm) was characteristic of the Bellarosa variety (average of 51.86%), and the smallest -Vineta (average of 18.46%) (Table 6 ). Whereas, the largest percentage of large tuber yield in the fraction of 51-60 mm was reported in the Owacja variety (Table 5 ). The structure of potato yield was also impacted by weather conditions in the respective years of research. The most favourable for the formation of large tuber yield was the growing season of the year 2016 (Table 5 and 6). In that season, the share of mass of tubers with a diameter of 51-60 mm in the yield averaged at 39.93% (Table 5) , and with diameters > 60 mm -34.33%. In the study by Kołodziejczyk (2013) , the fraction of large tubers constituted the largest yield mass in optimal or quite wet years in pluvio-thermal terms, significantly less than in quite dry years, and the smallest in extremely humid years. According to Schenck and Müller (2009) , the use of biostimulating preparations in favourable growing seasons has a positive effect on the yielding of plants. Kocoń and Jadczyszyn (2015) demonstrated that suitable soil humidity and air temperature resulted in the development of soil microorganisms and an increase of the effectiveness of biostimulating preparations.
CONCLUSIONS
1. The total yield of edible potato tubers depended significantly on cultivation methods. Growth biostimulators and herbicide application in the experiment had a positive impact on obtaining higher yields of tubers in comparison to the control treatment with mechanical tillage alone.
2. The most effective way to treat potato cultivations in terms of total yield size was the use of mechanical tillage for rising plants, and just before sprouting -the use of herbicide Avatar 293 ZC, whilst after sprouting -triple application of the bioactivator GreenOK Universal-PRO (object 4.) and until sprouting, the use of mechanical tillage and just before sprouting, herbicide Avatar 293 ZC (treatment 5.).
3. Genetic characteristics of varieties and weather conditions in the years of research had a significant effect on the size of total yield. The variety with the highest yielding size was Owacja. The largest potato yields were obtained in favourable weather conditions in 2016.
4. The experimental factors modified the structure of the potato yield. A greater share of large potato tubers yield in the total yield was obtained in all experimental treatments after the application of growth biostimulators and herbicide in comparison to the control treatment.
